The main focus of studies and research in the field of wastewater treatment is treating wastewater without causing environmental hazards as well as getting benefits from the treated waste materials. In this regard, the aim of the current study was to isolate some actinomycete strains from Beni-Suef Wastewater Treatment Plant to study their capacities for biological treatment and for removal of heavy metals from the wastewater. For this purpose, 17 actinomycete strains were isolated from 3 wastewater samples representing the main stages of treatment in the plant, namely: the influent, the secondary sedimentation tank and the effluent. Then, 10 morphologically dissimilar isolates were selected. The 10 selected actinomycete isolates were characterized by their morphological characteristics and were found to belong to the genera Nocardia, Streptomyces, Rhodococcus, Gordonia and Nocardiopsis. The ability of the selected actinomycetes for biological treatment of the wastewater was evaluated by measuring the biochemical oxygen demand (BOD), the chemical oxygen demand (COD) and the total suspended solids (TSS); and their ability for removal of some heavy metals (Cu, Fe, Mn, Pb and Zn) was also determined. The results showed that most of the selected actinomycetes were effective in the biological treatment of the wastewater and have the ability to decrease the values of BOD, COD and TSS; and also to reduce the concentrations of the tested heavy metals (Cu, Fe, Mn, Pb and Zn) markedly. The Streptomyces strain C11 was found to be the most efficient organism in respect to biological treatment of the wastewater and removal of the heavy metals from the raw wastewater.
INTRODUCTION
The increased awareness of the role of microorganisms in diseases led to an enhanced demand for wastewater treatment. This has resulted in the passage of pieces of legislation that encouraged the construction of *Corresponding author. E-mail: hozzein29@yahoo.com.
Abbreviations: BOD, Biochemical oxygen demand; COD, chemical oxygen demand; TSS, total suspended solids.
wastewater treatment plants (Guest, 1987) . The practice of wastewater treatment started at the beginning of the twentieth century. The British Royal Commission on Sewage Disposal proposed that the goal of wastewater treatment should be to produce a final effluent of 30 mg/l of suspended solids and 20 mg/l of biochemical oxygen demand (BOD) (Sterritt and Lester, 1988) . Research has focused on microbial populations in the wastewater environment for their importance in biological treatment (Chan et al., 2009; Sim et al., 2010) . Actinomycetes in the wastewater treatment plants are able to use several growth substrates varying from sugars to high molecular weight polysaccharides, proteins and aromatic compounds (Lemner and Kroppenstedt, 1984; Lemmer, 1986) . Other advantages of actinomycetes over other wastewater bacteria are their higher resistance to desiccation and ultraviolet irradiation; and their ability to store polyphosphates and poly-β-hydroxybutyric acid (Lemmer and Baumann, 1988) . Recently, actinomycetes in activated sludge and wastewater have become the focus of research because they are believed to play an important role in sludge bulking and foaming in activated sludge plants (Davenport et al., 2000; Madoni et al., 2000; Heard et al., 2008) . Apart from these negative roles, actinomycetes were found to be active in the decomposition of organic materials in the wastewater bioreactors (McCarthy, 1987) .
Many recent studies reported that more applied research is still needed and useful in this field (Fattaa and Anayiotoub, 2007; Yang et al., 2011) . Therefore, the objective of the present study was to examine the ability of the actinomycete strains isolated from wastewater samples for biological treatment and to study their ability in the removal of heavy metals from the wastewater to make better use of the microbial resources in this interesting environment.
MATERIALS AND METHODS

Sampling
The Wastewater Treatment Plant (WWTP) in Beni-Suef is working by the extended activated sludge system, where the raw sewage is received in the inlet chamber (influent) as explained in details elsewhere (Hozzein et al., 2008) . Samples for isolation were collected manually in sterile 500 ml non-reactive borosilicate glass from the three sites representing the main different stages in the wastewater plant; the influent, the secondary sedimentation tank and the effluent.
Isolation of the wastewater actinomycetes
Isolation of the actinomycetes from the wastewater samples was carried out by the spread plate technique (Johnson et al., 1959) on yeast extract-malt extract agar (Pridham et al., 1956 (Pridham et al., , 1957 ). The isolation plates were then incubated for 14 days at 30°C. After incubation, 17 isolates were selected from the plates and repeatedly streaked onto the same medium to obtain pure cultures. The pure isolates were preserved as stock suspensions in 20% glycerol at -20°C. Then, 10 morphologically different isolates were selected for further studies.
Characterization of the wastewater actinomycetes
The 10 selected actinomycete isolates were recognized and initially characterized by their morphological characteristics. The coverslip culture technique (Kawato and Shinobu, 1959) was used to prepare the cultures for the morphological examinations. Each coverslip culture was examined microscopically to investigate the mycelial structures, spore chain morphology and spore surface of the isolated actinomycetes; and photographed at the suitable magnification using light and scanning electron microscopes. A good review on the examination of morphology of actinomycetes was given by Williams and Cross (1971) . Characterization of the isolates was based on the guide described in Bergey's manual of determinative bacteriology (Holt et al., 1994) .
Efficiency of the actinomycete strains in biological treatment and removal of heavy metals
A 4 L sample from the influent waste (raw waste) was collected from Beni-Suef WWTP. Some physico-chemical characteristics of this untreated sample were measured; namely: biochemical oxygen demand (BOD), chemical oxygen demand (COD) and total suspended solids (TSS) according to Standard Methods for the Examination of Water and Wastewater (APHA, 1998) . Also, the heavy metals (Cu, Fe, Mn, Pb and Zn) were measured in the untreated sample after digestion in concentrated HNO3 and analyzed using the direct flame emission photometric method by atomic absorption spectrophotometer (ZEENIT 700) according to the manufacturer's operating manual. 1 L of the sample was divided into 10 flasks and each flask (contained 100 ml) was inoculated with a loopful of a young culture of the selected actinomycete strains. The flasks were incubated in a shaking incubator at 30°C for 5 days. The same physico-chemical parameters and heavy metals were measured again after the incubation period to evaluate the efficiency of the actinomycete strains in treatment of the wastewater sample. The treatment experiment was run in triplicates.
RESULTS AND DISCUSSION
More efficient and safer wastewater treatment methods or systems with minimum requirements and low costs are still needed to overcome problems or hazards of conventional methods currently used (Vymazal, 2002; Bécares, 2006; Puigagut et al., 2007) . Isolation of microorganisms from unexploited environments holds tremendous promise as unexploited environments may yield novel organisms with new more interesting biotechnological applications that hopefully, will have greater impact in the future (Ōmura, 1986; Steele and Stowers, 1991; Hozzein and Goodfellow, 2007; Hozzein et al., 2011) . In this study, the focus of the work was to isolate some actinomycetes from the wastewater environment which thought to cause the foaming and bulking problems in wastewater tanks and rather study their capabilities for biological treatment and removal of heavy metals from the wastewater. For this purpose, 17 actinomycete strains were isolated from the collected wastewater samples. Then, 10 isolates were selected for further studies based on differences in their cultural appearance. The ten selected wastewater actino-mycete strains, designated A11, A13, B21, B22, B31, C11, C12, C13, M1 and M13 were characterized by studying their morphological characteristics. The observations revealed that strains A11, B21 and B31 showed abundant growth with aerial mycelium color varied from white to yellow and substrate mycelium color varied from pale yellow to yellowish brown. Fragmentation of the substrate mycelium was observed and short spore chains were formed on the aerial mycelium. These characteristics are similar to members of genus Nocardia. Similarly,the strains A13 and B22 showed abundant growth with orange aerial mycelium color and brownish orange sub-strate mycelium color. Sparse aerial mycelium was formed and rod shaped and branched spores were observed. On the basis of these features, the strains A13 and B22 were initially characterized as members of the genus Rhodococcus.
On the other hand, the strains C11, C12 and C13 were very close to each other and showed abundant growth with aerial mycelium color varied from grayish white to gray and substrate mycelium color varied from yellowish white to grayish brown. Aerial mycelium with short to long chains of spores with coiled ends and smooth surfaces were formed (Figure 1 ), while fragmentation of the extensively branched substrate mycelium or other distinguished structures were not observed. These characteristics are typical for members of genus Streptomyces.
Strain M1 formed pink to reddish pink colonies. It produced short rod-like and cocci-like elements but aerial hyphae were not produced. These characteristics are similar to those of genus Gordonia. While, strain M13 showed moderate growth, yellowish white aerial mycelium and yellowish brown substrate mycelium. Long chains of spores were formed on the aerial hyphae which was zig-zag shaped before maturation and a sort of fragmentation of the substrate mycelium was observed. These characteristics are typical to members of genus Nocardiopsis.
These results are similar to the results of El-
Shatoury et al. (2004) who reported that Streptomyces,
Nocardia and Nocardiopsis were of the most dominant genera in the bed of a system constructed wetland for industrial waste-water treatment. In a recent study on the actinomycetes community in a starch factory wastewater, Saenna et al. (2011) indicated that out of 30 isolated actinomycete strains, 28 were classified as Streptomyces spp. and the other 2 as Nocardia spp. The ten characterized waste-water actinomycete strains were then tested for biological treatment and removal of heavy metals from the raw wastewater.
Capabilities of the actinomycete strains for wastewater treatment
Biological treatment is one of the most widely used treatment methods of wastewater. Efficiency of wastewater treatment is measured mainly in terms of removal percentage of biochemical oxygen demand (BOD), chemical oxygen demand (COD) and total suspended solids (TSS) (Roesler and Wise, 1974) . The capabilities of the selected ten actinomycete isolates for treatment of the wastewater sample collected from Beni-Suef WWTP are summarized in Table 1 . It was found that the starting values of the biochemical oxygen demand (BOD), chemical oxygen demand (COD) and total suspended solids (TSS) in the sample (raw waste before treatment) were 283, 498 and 316 mg/l, respectively. The results in Table 1 revealed that high BOD removal efficiency was achieved by strain C11 followed by the strains M13, C12 and B21. The BOD concentration decreased from 283 mg/l in the raw waste to 13 mg/l in the effluent after the treatment with strain C11 which means a BOD removal efficiency of 95.4%. Also, the highest efficiency of COD removal was achieved by strain C11 which decreased the COD concentration from 498 mg/l in the raw waste to 76 mg/l in the effluent, corresponding to 84.7% removal efficiency. The remaining COD is the amount of hard and/or non-biodegradable materials (Fritsche and Hofrichter, 2005) . This result is in agreement with the results of Buzzini et al. (2006) who reported that the average COD removal efficiency is 80 to 86%. On the other hand, the highest TSS removal efficiency was achieved by strain B21 followed by strain C11. The two strains showed TSS removal efficiencies of 95.6 and 93.7%, respectively. In general, high quality effluent was delivered by treatment with the Streptomyces strains C11, C12 and C13, the Nocardia strain B21; and the Nocardiopsis strain M13 with respect to the measured three parameters (BOD, COD and TSS). Similar results of good effluent after biological treatment were reported by various researchers (Al-Shahwani and Horan, 1991; Martin-Cereceda et al., 1996; Chen et al., 2004; Lee et al., 2004) . The ultimate function of the biological treatment is to remove the organic matter to meet the correspon-ding discharge standards set by the local government.
According to the local standards applied for Beni-Suef WWTP, the final effluent should have less than 60 mg/l of BOD, 80 mg/l of COD and 50 mg/l of TSS (law 48/82, discharge into non potable surface water, EEAA and EPAP, 2002) . Therefore, the Streptomyces strain C11 was found to be the most efficient organism in the biological treatment and the only organism met the local standards applied for the WWTP under study as it produced a final effluent with 13 mg/l of BOD, 76 mg/l of COD and 20 mg/l of TSS. This means that the Streptomyces strain C11 is highly efficient in the removal of BOD and TSS, but less efficient in removal of COD, although it was the only strain that met the local standards for COD.
Capabilities of the actinomycete strains for the removal of heavy metals
Waste containing metals is directly or indirectly discharged into the environment, especially in developing countries, having brought serious environmental pollution and threatens biolife (Bishop, 2002; Wang, 2002) . Although, the heavy metal contents in urban drainage systems generally do not reach the proportions found in industrial effluents, the problems caused by their presence, particularly in areas with dense population are of public concern. Many recent studies reported that the use of biological processes in the treatment of wastewater containing high concentrations of metals can overcome some of the limitation of physical and chemical treatments and provide a cost effective removal of metals (Veglio and Beolchini, 1997; Sag et al., 1998 Sag et al., , 2000 Puranik et al., 1999; Volesky, 2001; Ahluwalia and Goyal, 2007; Das, 2010) . The results in Table 2 indicated that a significant decrease in the concentrations of the five tested heavy metals (Cu, Fe, Mn, Pb and Zn) was achieved by the actinomycete strains under study. The highest Cu, Mn and Zn removal efficiencies (77.5, 90.9 and 80.7%) were achieved by the Streptomyces strain C11. On the other hand, the highest Fe removal efficiency (95.5%) was achieved by the Nocardia strain B21, while the highest Pb removal efficiency (56.5%) was achieved by the Nocardiopsis strain M13. Among the 10 actinomycete strains, the Streptomyces strain C11 also was the most efficient organism in respect to removal of three of the studied five heavy metals from the wastewater raw sample. Some previous studies indicated also the biosorption Mameri et al. (1999) studied zinc biosorption capacity of Streptomyces rimosus biomass in batch mode. Also, the lead biosorption capacity of S. rimosus biomass was reported in the batch mode (Selatnia et al., 2004) . Moreover, Streptomyces clavuligerus biomass is used commercially in biosorption of Cd (Zouboulis et al., 2004) . It is worth mentioning here that Das (2010) recently stated that among 19 tested actinomycete strains, Streptomyces phaeochromogenes HUT6013 showed maximum biosorption of gold.
These high percentages in heavy metals removal by actinomycetes can be attributed to a big surface area they offer for metal binding or due to the production of some extracellular polymers that have great affinity and can scavenge metals as suggested by Weiner (1997) .
Conclusions
One of the remarkable findings in the present study is that the most efficient strains, C11, B21 and M13 in biological treatment of the wastewater raw sample were also the effective in heavy metals removal. In conclusion, the results draw the attention to the bright side of actinomycetes in the wastewater interesting environment and are encouraging to test other actinomycetes for wastewater treatment and to apply the most efficient strains at the batch or small plant treatment level.
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